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Abstract 
A thermal gas flow sensor was developed and evaluated. The presented implementation requires only low-cost manufacturing 
techniques and readily available components, while maintaining a high level of detection range and sensitivity. Heater and 
sensing elements were integrated on a flexible substrate and the device was formed by bending the substrate so that the active 
elements were placed on the external surface of the formed channel, therefore zero flow interference is achieved and a wide 
variety of fluids can be measured without compromising the sensor integrity. Evaluation was made using air flow rates in the 
range of 0-65SLPM utilizing electrical measurements and IR imaging techniques simultaneously. 
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1. Introduction 
The determination of pipe flow rate is a major concern in various cases, including laboratory, industrial and 
medical applications [1]. Thermal flow sensors in particular have various advantages in comparison to other 
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technologies, such as minimal flow restriction, absence of moving parts, low maintenance requirements, low cost 
and small overall size [2]. 
There are however some disadvantages arising from the commonly established practice of placing the sensing 
elements inside the flow channel. Substrate modification to align the sensor with the surface of the channel is often 
required, therefore increasing complexity and implementation cost [3]. Typical flow sensor applications include 
measurement of impure or corrosive fluids, where additional protection and maintenance is required [4-5].  
In this work a simple and cost-effective implementation of a bidirectional flow sensor that utilizes sensing 
elements placed on the outer surface of the flow channel is presented.  
 
2. Principle of operation 
The presented device is based on the well-established calorimetric thermal flow sensor design, incorporating a 
heating element situated between a pair of sensing elements. Despite the fact that the sensing elements are not in 
direct contact with the fluid in the flow channel the small substrate thickness (100μm) allows for sufficient thermal 
coupling, thus the device presents an adequate detection range and sensitivity. 
 Sensor characterization was made utilizing the hot-wire principle of operation, which requires only a heating 
element and provides a wide measurement range. The interfacing circuits for implementing this principle are simple 
but the transfer function correlating the measured signal and the fluid velocity is relatively complex due to the 
influence of the environmental temperature on the output signal. 
In general there are three main operating modes for determining fluid velocity and therefore flow rate: Constant 
current, where the temperature drop of the heating element is correlated to fluid velocity in the channel. Constant 
power, where the power to the heater is maintained constant and the absolute heater temperature decreases as fluid 
velocity increases. Constant temperature, where the output signal is the power required to maintain the heater 
temperature stable, which is directly related to the change of the fluid velocity.  
Although constant temperature mode is in many cases considered to be the optimal choice in the present work 
only constant current mode was used due to the simplicity and lower cost of this approach. 
 
3. Design & fabrication 
 
 
The presented design utilizes only standard PCB fabrication 
techniques and commercially available components, eliminating the 
need for complicated and expensive procedures. 
A thin, pre-laminated flexible polyimide film was used as 
substrate. After copper patterning and soldering of the surface-
mount Pt100 elements on the Cu tracks, the substrate was bent to 
form a tube with the active elements located on the external surface 
of the channel (Fig.1, Fig.2). 
The sensor incorporates a sensing element pair, placed 
symmetrically with respect to a heater, longitudinal to the flow axis. 
The active elements are isolated from the fluid, allowing the 
measurement of corrosive or impure gases and easy channel 
cleaning. The thin substrate (100μm) enables thermal coupling 
between the heating/sensing elements and the fluid, and therefore the 
exploitation of thermal transfer effects for the flow rate determination. Polyimide’s low thermal conductivity value 
(0.12_W/m∙K) allows for a highly localized temperature distribution close to the heater, thus increasing sensitivity 
to flow induced temperature changes.  
Fig.1:  Photograph of the fabricated device 
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4. Experimental results 
 
In order to characterize the fabricated device a measurement setup consisting of a controllable flow rate source 
and a reference flow sensor was used. The heating element was connected to a precision constant current source and 
the output was measured by a Keithley 2000 multimeter. Simultaneously the thermal distribution on the outer 
surface of the tube was monitored using a high resolution FLIR SC655 infrared camera (Fig.3,_Fig.4).  
The sensor was characterized in the flow rate region 0-65SLPM using air as operating fluid and an adequate 
detection range and sensitivity was observed. In addition a high correlation between the electrical measurements 
(Fig.5) and the IR imaging data (Fig.6) was experimentally extracted. 
 
 
 
 
Fig. 3: Infrared camera image, indicating the measurement 
points(Sp1,Sp2) and the measurement line along the flow 
direction (Li1) 
 
 
Fig. 4: Thermal distribution along the line (Li1) of Fig.3 (parallel to 
flow direction) for two flow rates. 
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Fig. 2: Fabrication process 
a) Commercial pre-laminated Polyimide substrate 
b) Photoresist placement and masking definition 
c) Copper patterning and etching 
d) Soldering of surface-mount PT100 elements 
e) Formation of flow channel by bending the substrate 
 
1: Cu, 2: Substrate, 3: Photosensitive film, 4: Patterning mask, 5: SMD Pt100 elements 
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Fig. 5: Electrical measurements, indicating the normalized heater 
temperature as a function of heater power for various flow rates  
 
Fig. 6: Infrared camera measurements, indicating  normalized heater 
temperature (point Sp2) as a function of heater power for various 
flow rates 
5. Conclusion 
A thermal gas flow sensor was developed and evaluated. The presented implementation displays the typical 
advantages of thermal sensors while additionally presenting interesting attributes due to the placement of the active 
elements on the outer surface of the flow channel. Measurement of corrosive or contaminated fluids can’t 
compromise the sensor integrity, minimal pressure drop is introduced, which is critical in some applications and 
lastly adaptation to various channel cross-sections is easily achieved.  
Results indicate that the sensor displays an adequate detection range and sensitivity, confirming the feasibility of 
flow measurement using the proposed implementation. 
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